; e3ex0j j kDl (m63$oTxordQ NOVEL FOAMS AND COATINGS | : R 3587C1P This
appliication is a continuation-in-part of co-pending U S. international
“application no. PCT/CJS02/03559 filed February 06, 2002 which in turn
clainms the priority of provisional U S. application no. 60/268,843, filed
February 15, 2001. BACKGROUND OF THE | NVENTI ON [ 0001] This invention
relates to novel processes for direct production of foaned articles froma
pol yrer Iate ta need for any chem cal or mechani cal agent,
as wel | a “mm s for the adherent coating of a @&@W
mater-bor ﬂ& In the foam process, articles are free2|ng
of the latex i*A®%% nDId .followed by renoval of the water, twﬁéPve a foam
havi ng an open cell structure with foam density inversely affected by the

-l evel of solids in the latex. "Mold" is used in a broad sense to cover

t hree di nensional nolds as well as objects onto which the dispersion to be
froamed i s applied, such as by spraying or dipping. The foans are used in a
vari ety of applications such as confort cushioning in autonobiles and
airplanes; for thermal and acoustic insulation; for shock absorption; and
the Iike. The coatings are apploeEL FOAMYAND GEATRIGS of substrates such as
netal, glass, stone, brick, tile, cenentitious materials, nortar, natural
and synthetic fibers, cloth, paper, | #agfgEcipand woven and nonwoven
fabrics. [0002J An exanple of polyners for these applications are

f1 uoropol yners, nor eTpgplitatvalié yc&ﬂﬁ@twm ParPbf colpedihg ene ifibmeridrde ( VDF)
and hexafluoropro yl en §EJ g) gpre speci fically copol yners having
very | ow or no & S?t%QF‘I“Pn?ﬁ Sﬁ 033 diledpbruagygs, 3B%W§/1ﬁ%ﬂém5‘t°1ﬁﬁli | evel s of
HFP cont ent re;erehamblo@btowxstdnemlsl aaph&;heﬁttsmmfslsas Cﬁl@@i’éﬂ?@a&?lf‘h' ch show

| ow surface tack even at high HFP | evel's and thereby permt use of such
copol yners in u%ﬂHue applications for which polyvinylidene fluoride hono-

and copol yners previously knﬁ%ﬁ(ﬁi@(ﬂﬁﬁblﬁ:ﬁﬂ%m@ﬁﬂﬁ"lgﬁ' table, or were

consi dered suitable only wh mers or ot her

mat eri al s such r| y
fluorinated pol mer S mﬁﬁ‘?‘%ﬂt &n%laelfKCFHOVL%Q&%L“%?omdﬁgé%}%dglaﬂtqyn&f and
encapsul ants, bfsemed ertigfes ﬁhmlarpdlmréamtwmlmutammeg)for dnwhcmrbalzmu ve index,
good chemi cal apsulatlng
objects with sucaéh%ngafo %‘”tﬁgg‘%et“g%s%"% Q% Pg%c§?5§§ ? {hecaﬁgéar%rrggoﬁﬁlé%?gn

crystal line regsubstsate witbamatan{bemrpdlyawt elnttheofoarh Ipeocessy artielles amerqdag:tdons and
the interphase petween these |on s the e bilit optlons to
obtal n arti o osCHYRETE STHE kv SRR BUPPH i bBSdRIEEIRRE et ol | ra e
appl i cati ons f ofoata lgiingan bpa atllsﬁwmmtmhdmm limatty:tnysxtsely hﬁ‘eutédybyfmelorl nat ed

pol yners are defi an\D 1327, t.he re of whi-ch is

i ncor por at ed he[“"(‘—igl BSJ‘dFé‘t@Oiﬂﬁ% K’f%dﬁ]‘se rﬁﬁ‘g?eé‘seotf’ OE WRY HFP vary in
their properti eameﬁtlo@mmomads Qkll b16bjedesiid wmct R IdgsparsRn i@ b@fdatie@E0r phous

t her nopl astic pol yners and at the other extreme the highly, cryﬁtalllne

pol yners. The nfRAESSPULAS Y EPBYIng REABBINGERe oFAS fre YEA%P AivARTY P

flexibility (oraghit&{oRsbRh¥s thafoatchtrt&mgsh a@tbmBbifls YR air N ARE; fof Menal Thi S
mechani cal behavior is control X‘Wé e type and _anount of the crystalline
A

phase (if any) M&CPWCWHI&H?%@’@O sorpficag andthe His: i The captéiggaiehe chai n
such that at Somibenpkk e HEuBRtVRich 1S IREAQNSs JHEORRA, MEder change
in response to applied stresses, the so-cal glass transition tenperature
(Tg). Above t hecemgntitieusesitsriads; morfan, naruraban#tswbﬂica’tbemtlptbnsapmﬂqa}thetar e free
to rotate, Stre&ﬁmo\ghﬁndm&g’?fﬁg absorb the energy input. Below the Tg
t he nol ecul ar nbotions are frozen an “the stresses may lead to brittle
fracture or gl aE0§02]i k e Abehamplo of pdlp0es for fyped applicdtions ama luoropelymersf prior art

di scl osing the f [ ' is noted bel ow
relating to coatnl J‘R‘faﬁg%tt‘gﬁﬁ%ﬁﬁ‘aﬁﬁﬁﬂ‘{bﬁgﬁg%ﬁ Pat ent 4, 618, 64l
di scl oses treat lm:aﬂu@bprbpjdened}m{’) indotll oend spatifchllyicopaymenimsviog verynyl | dene
fluoride copol ypers st abi ILzed Wit h non| an nat ed r boxyli G aci

sur factant o H B SopiBoaITEe R PriRoar GRRE el Kl o HEP B
treatments nust be heat set. The present invention using the copolyners 2
described herein are able to acconplish tlhe same or better treatnent
results using |lower solids concentrations, while avoiding the need for a
specific class of detergents. [0007] U S. Patents 4,983,459 and 4, 997, 684
di scl ose nethods of treatnent and the dirt, stain repellant and non wetting
surfaced articles treated with a m xture of a perfluoroal kyl silane and a
fluorinated olefin telonmer. The surfaces treated are stated to be gl ass
conpositions, or other inorganic surfaces such as ceram cs, enanels, netal
or metal OXI de fI|ITB The forrrula gl ven for the quorlnated tel omer
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. clear and self a

of a latex or suspension containing such polyner in a dispersed phase. The
ratio of the foamdensity to the density of the pure solid phase shoul d be
| ess than about 0.9 for nost applications. [0018] There are various aspects
to the second, coating enbodi nent of this invention. Thus, there is

provi ded (a) a process for the adherent coating of a substrate with a

vi n5~l i dene fluoride based pol ynmer having low crystallinity which consists
of applying an aqueous suspension or emrul sion of said polyner to said

substrat e, evaporatl e _and. a e materjals. in said
aqueous suspensi Gff H’r %§¥®h {hﬁ pﬂaﬁQ%COPBBﬂeE?n‘%PayShoﬁelﬁ?|SH acefdeks upst r at e
on which said adaeheﬂmFEBHPHMIsba&ﬂbmngerﬂﬂiuse@fsdcheoﬁdmﬁér&ﬁmn&w ng
selected from (i) neta | ass, stone rick, tile, cementitious materials,

or nortar or (i |§PPH5%tW§f°ré‘ﬁ%Fh§3?HWHBﬂ ﬂ?f’efﬂ“8€¢%h°n?ﬂ ahhconehmesrs prewiguder | or
woven and non- WoN@v ke hstsooné@areoasuﬁkm@%?%efﬁonélbee@ﬂﬁ@m%hbﬁ%l ng of a
substrate selected fromnnatural and synthetic fibers, cloth, paper,

| eat her, and wovesnbingd Wahothennelymesgrioghsr mateﬁalaanhm;nma@ﬁeanﬂmsdﬂqede

hexaf | uor opr opy! feg3ICOPRbY sty Mo NSk ORI AAR LAAERHS
suspension or e |SIOI’1 orgdni c s I'vent sol ution rgam t
suspensi on of saascboamrrgyanddemswlanlls;bemse dfdmﬂbwcsmcﬁqne@pgrggrlewccfmtxwrer to
said substrate an atin r, an teri

in said aqueous %’u%xpéggé)é ;n(l)cragreetf‘rlgﬁngga%‘ e 'feﬂa Ve %‘]S ﬁ?an?%?ﬁ ?S?p&u &/ent
sol ution or susp@j&tmxt}amﬁhhﬁmrpol)@ms OIneltalandectatwerg aivoephdudaidr at e on whi ch

sai d adherent coati has. be e ss_f.or th application
of a self adhere‘fﬁ's‘%gp?vglr??f ?ngwegegfﬁg%gﬂﬂégf’?%’rmﬁap Roat i ng on a
?]u bs]E Ir ate whic hI mwamfasemwe@phese Fegichs hﬂémh@ﬁroaes}wmy loﬁticlhils deokaihl uori dg
exaf | uor opropyl ene cop i n ow erna sta Nity on sai
substrat e, evapo?rﬂflﬁba"ﬂgéﬂe éﬁ?@g %‘%HE\%S@B B th 5'3‘ att"oaﬂ?h’éaé’coés P& film
and heating of t@eerfﬂekxﬁboxhbenmbirocvadrﬁtam%@musehﬁs& Fslyrhér® Bre(defindtBhal

gl ass, stone, brick, til mentitious materials, or nortar or (ii)

natural and synt W& ¢]é3:’f7|26éff‘%dls‘é%‘f%°f"ﬂﬁﬁelﬁ incpipgrafrerherein bX\ERINCEnd non- woven
fabrics; (d) a p];’OQGQSS E8polih&s @WbFQﬂa H?p vely iR &lpro r{ﬁﬁhﬁ I R0bne end of

pol yvi nyI i dene fluoride based pol Ymer filmcoating a substrate sel ected
from natural andhegpectiemitiers arpéqtally amasphous ﬁlapecrplasrlemlheprs apdhat thootber and
non-woven fabric fmet0! vent
solution of a po%?&%g@déﬂgg U%@?g@?hﬁkﬁﬁy%%ggﬁe:@ cogbbo ymer on
sai d substrate ashdingletepminas thadlexibditytpn elbarsatgiin theestitfhesshat algistesx or t he
‘sol vent of the s : of a
b, BRCb R Py BN RR T coRlfolody B B BIASRMPEL oo ng
‘on a substrate whe crrystabmpphzseélfmyphlyd ﬂlgdmnsafﬂmmglwma;rmcaxohatoegﬂaf a :

pol yvi nyl i dene quorl e.h cont |ns trieth hosphate
evaporating the aﬁles %éthﬁﬁas%mg%n%ﬁ’@w\,\{ﬁ%?o?@e ?ggest*hsec?nqy% 9nd heat | ng
the film the SLd:)ﬁbgeahecsbmsﬂgm a:pheatitfeskc‘é rthmsomatled glagsdragsitioistempOi@tusd The
preferred VDF- b ner | oye ventlon ar.e conyenjently
made by an emul s\ §ﬂ‘8 f%@?ml‘)’@ﬁx‘ﬁ u@h’?ﬂ%‘?@lvﬁﬂ"hfﬁﬁ}%‘?ﬂ"utl on
processes may a'l@&td?@trét&f;dtc ax{dQﬁb?'EHyaFE@bmﬁxa@ymﬂLBelﬁwltﬁea%epr ovi ded by
t he second process as ect of tp}; invention are rml ture and oil resistant,
as wel |l as breat‘ﬁ%ﬁ?‘& 041083 ave oreAnd thetressimay lepd Tt Fraciifa of i r e
retardant, whil ega@tileenshidhe original feel and | ook of the surface on

whi ch the coati n[% was applied. Particular, nention is made that the surfaces
to be coated nayl %5]nat6?%4!“%@7‘%@“&?%‘1““’%’ a5} dispdasing; the L2 RIPRESS-i n fi ber
formor on the syr{ace cokaih BFiGH if hatbd Blow RIARg E@am%@;s}ﬁcamlsects whi ch
may be natural stone such as nmarbie, |inestone, grani man nade bui |l di ng
materi al such as br| cks, mortar, cemerRRIORARTmaterials such as hardened
Portland cement Conﬁrsemema%mhi AR5 oREREme Y HBOR AR echitéiq woven
and non-woven fi lass fibers, car ers and fibers from natural
and synthetic podl;pml@lssvﬁﬁimyla@neﬁwrm copmdprhers btabidined wigh hanhalogenatedy on,

nyl ons, a3 ds. coRhRL £5d U8l A LR colETAEDASSTITLRE [ 0021] S
descri bed above, RAPT 0US yners a copoPyners nay be’used 1n the

i nventive pr ocesfabnﬂneatméntsinhttlbe heat kdte The present invergivogwing ¢hetdopdlymenal |
gquantities of a third nonomer known to be copol ynerizable with VDF (up to
about 10% by weight of the HFP |evel) may _al so be included to provide
useful terpolyners. Such known copol yneri 2abl e nonomers may, for exanple,
be selected fromanong C(2-8) al kenes containing at | east one fluorine atom
besi des HFP, an allyl vinyl ether containing at |east one fluorine atom an
aliphatic or cyclic C(3-6) ketone containing fluorinated a-a' positions and
non- fI uor| nat ed C(2- 4) unsaturat ed hydrocar bons C(3 6) aI kyl vi nyl et hers

. o NN NN o o Y "




was placed in roomtenperature water, the filmpeeled off easily. Placing

t he 'specinens of air dried filnms on the substrates in a convention oven at
200 to 250C for about 30 m nutes inproved adhesi on. The coating renai ned
unchanged i n appearance w thout any di scol oration or physical danmage and
when the substrate and coating were placed in cold water, boiling water, or
in 1l nolar HCO for one hour, no reduction in adhesion was observed. Exanple
2 - Treatnent of Wowwven and Non Wven Fabrics [0030J Enul sions of VDF/I-~'P

copol ymers havin i | nt. havi ng
about 40% by wei gﬁltaF @gﬁ@%@f@%n %Ac\%&}léﬁs&’ﬁ?ﬁsﬁrgg%{ g%eﬁﬁ-kag%%%tg n{ ?tg’tlstl%s shown
in Tabl es | I A, Bweamhdﬁlcm&emtgatﬂ)s waileavoiding the hesisfor aspeeificohes aff et hyl
acetate were preﬁared by di ssolution of isolated resin in the solvent.
Substrates (pape clergtith and | eather) were coated by these sol utions or

enul si ons usi ng @0E7]S Pos IPateRis BSIES @59 Al NITFEIB4 iR cRESHEBodS WFirehthRnc0at i Ngs
vwere free of sol vent t he treated substrates were pl aced in a_conventi onal

oven at 85C for & thediss staip repefiantard pon ‘ﬁ?m?ﬁ)suﬁf&k‘idr?(j“‘tl%éreé@ﬁﬂé@é‘ ener gy
measur enents. [ OR3dlre S04 p@BIG0BARYIGNaRBAS U ITRBBRNS Mot Ut ris Usi ng a
G 10 KRUSS angl e contact angl e neasuring instrunent where the surface
energi es were cafreagdaresiatad foky glase cxmesrions Pf gtherdpergenic suyfacesssucihisns - Wendt
model . The T our - sunfRRelatid %emofﬁt:ﬁ SLEERIRE TRUFAGR ARGTMO! the coat ed
substrates were water, ene g yco tetradecane an® farmam de. At | east
four drops of eaﬂimrm@ted@iomwduqbdsahﬂacopnlymheofdhlsed/pnmmmﬂelmb mesefitace by a

m cro-syringe an e n used by
the conputer to %é{%‘ﬁ%nﬁ (1%9‘? e %tﬁéeﬁgﬁogﬁﬁ o %Ses’rm‘L}Eﬂaaf"td ﬂ"eg rmeeé%@,a%raml%st rate.
[ 0032] The resul &ml the Eketakfaéeatmﬂioutrthél'ﬁaﬂeﬁaﬂylsxlz&;e ddditiBe prisled doat”, where the

| ow surface energj ob rve illus | it f .the.s ces to

repel water, oil g)l,()ﬁ@i rt E qagty: kéAﬁfg ﬁgﬁ’aggséra?tfr}lgﬁgkhsgglf’ﬁzgséler gy of

(P%Pﬁr Coat ed 2{ M@F/lbiEPmamhl yrives the lefies3 3h tHEhGhefBﬁzl&@fop&ﬂ&s dud foltieatmepnper
atman "~ nt receive ncentration

U8 pal yor - Sur f aeth B demittysiire Y DEHEE o Typers S el p OHRE (ot

%0 27.2 34.4 47. ZTWBM&E%Q&M&I%Q%& Werd s@bﬁatéd XA ERer E200%S 7. 512. 36

10. 42 8. 33AcetatelQl4.5 10. 711516. 38

11. 93Enul si on1082803 fagd. tgi%%m%‘é Figstraent pf e ﬂlnsa?aﬁweméﬁaf@ﬂmnon

Coth Treated wi ﬁJhrsV g/FBp@Q@hdfﬁﬁWoftQQﬁHﬂ a:l:cﬂ@ix.kt&nce% S@ﬁﬁﬁ?@aﬁp&&%

cheesecloth, quality #9 used as received di unConcentration of Surface
Energy (ml/ m ) cofeonitinaratEpassynder tWaMtWtaHQWO@IQWWd’/@tW12t3t§¢64 47.2
66Acet at €10l 6. 72, 4 Table I1
C - Surface Ener g%wg%ﬁkggﬂ"ﬁggdﬁﬁéa dZr ﬁ&ﬁ;ﬁﬁ%ﬁ% S wfr‘}é}rléség[sg%eé

Leat her was changinsludé¢sahatadhegioniis passible atitemperawras below mm@@ne ppint @ftthft)n

154155 e M ga BB G Y Al 012

esti mat e) Enul si othamﬁsf&mry3dhes1oE>oﬁh’ﬁlFé10810-an$ebpqu1gers achkdingfthesewitbi ons of

the VDF/I-ffP co nmer.s St i Ni mers of

i gh HEP cont ent TRBNECELRar i B o Sid s e ens aliceton (R

t echni ques, an emmlymg@nthofonﬂuaropmMmaﬂlhast the asd fIpkimer tdmrﬂfmplnafmo@ VDF/ HFP
copol ymer and appl.i catjon | si,o n several stone types. (0036]
It is particul ar?‘b‘ ?%'hﬁlsfﬂés aﬁ"f)? ?]saég{;u?f F’é@ér&‘ r‘%ﬂéaﬁf?r&véess? one structures,
nmonument s and t hgfdrinkgor wigith tvbﬂdmﬂmé hﬁatgllmg{vwdgé Rahé arPtodscovéraie nust: 1.
Rest ore cohesi on het ween the |cI ei% oé ‘{)F t\ﬁﬁ g | ayer of the
decayed or decayH“H%“erl'ﬁ?B’i"PﬁT‘C l‘EaH& BoroHp 058" %?: CORBYTE®N; 2.

Provi de for adeqyat$bedah®i@l Resefn. t he so consol i dat ed outernost |ayer; 3.
Retain, in the consolidated outernost |ayer, characteristics of elasticity

to present the f9P#%ti oH;S Eéte@}écetﬁs%&ﬂtsﬁoﬁéﬁ%%g%@éﬁiﬁﬁr‘g}“E}’scéaélh“pcf"éf&ucts of a
stiff surface |aﬂ'€erso|l\@iﬂ s‘agltl'aﬁscm'msﬁﬂ{en@B@Ho%e?sréﬁh*}cﬁldcﬂ’lﬁlfﬁfﬁ@t from those
of the substrate; 4. chemcally 1nert 'toward the naterial to be

preser ved/ consol V@ﬁﬂﬁf copcenpigijen rapges eoV PiitPllt)33Q51=@77 QFFb&/\)Vlgl/leP@P‘P]lr’mV to the
action of the at r ' j n, reS|st
sunl i ght and heaw%??}géggggg%lrﬂg@itg?%rﬁ%g)%fg%‘?d;}ngl\?\hég? f]£edrl€é§ tglle .

alter the material's visual color or appearance; 8. Be effici entIy
renovable if applied in excess; 9. Be easy to apply and environnentally
beni gn; 10. Retain for a long period its gwn solubility to provide for
treatrnent reversibility; and 11. Be abl e“to be used according to the
principle of mniml inten~ention, in order to preserve this historic and
artistic value of the artifacts treated. 12 [ 0037] References on

mat eri al s which have been used to consolidate and pr otect stony materials
are cont ai ned in the book by Anor 0s0 and Fassi na, Stony Decay and

S~ = — = A 2 7~ S\ F AT o, L Y L



13 Table 3.1 Enmul sion Siabilit5~ of Copol yner Emul sions [0043] The
setting tinme (shelf life) of a material to be used in field use in _
treating stone and other materials is inportant. Enul sion Sanpl esTi ne
Before Settling Cbserved3.1, 3.2, 3.3greater than 1 yearconparative sanpl es
3.1; 3.2, 3.32 nont hsKYNAR FLEX1 ~ days [0044] Spray application of Low
cn~stdllinity VDF/ HFP copol yners enul sions of the tape of simlar to
Sanmples 3.1, 3.2 and 3.3 on stone. (0045] Three sanples of two different

VDFT HEP copory el TG A0 panecto b ARHEIS: il EPOMERAIA S, oo

were a very porowbbdrtalian |inmestone (Pietra di Lecce, total porosity:

322% saturation,.hdex: 0 rara mat.bl I raosity: 3.8t0.2%
saturation i ndexltom}ﬂm Oug/? ?/{)erii%e #%E’CQOFSWOB@“%\E{% 8@23“8?%& b‘ﬁ]toé‘féﬁe
determ ned over webf setvent solitions ofidopslyarReTADRand HIYGRMN VDE/HES EPY) . (0046]

The change in color of .the treajed nmaterjal s neasured according to
Cl EBLAB 1976, ob¥BFSRIALCLARESS O%;Sq56&9?%‘55[56%\9%?{&%‘)‘(&8@3?&55 f% OE units.

Al so nmeasured acsbfettinphniichidblidatihs Sondaatetifte Sl ope of the curve obtained by

drawi ng a graph of water %ntit absor bed per square dmvs. the square

root of tine (ADBHIt i oRP EhE-283dHcorrespongdingol).§: Patents 332119,664 apdl ated to the

protection obtai iefh 1 15hsclREUBH i L3S (Rp% was

measured according to I_\IO%I\/AL 2rlvlhgtr5b ag%r%%%%glgéagﬁgr%%f@&%ag@g? ?Q/e. 14

Tabl e 3.2 Hum di%opsalidating syqne Exmenials(aad OByoEREsEMarious fapriggiptludidg glass

(g/ cnR) Tr eat edR t o1 . . .

o bl 65005 5t 0. 13t ORE F5t B Aaterpl s 4 egstaupsris, YDF(HFP coplymer in the

Lecce92f 3121t 213¢DF/HFP.@n&eni&idhiranges 0f G.SBPatett 345bJ67 T and osecarfd espantisl ons

VDF/ HFP copol yne L0 n ne (0047]. Surfaces of three
doth ggenlt 2y ;ﬁi%%%g%#%&{ #{x{x/%&? a%%orgerz)c & lidene Olforfdg

di fferent Iithotypé’s were opol yhers w
crystallinity prmbmedr espothaseera md flueridd prdyonerer a fthethJdEfylaopdlenér aranged
from25 to 40%? V\F’i ght HFP. The lithorypes tested and the results are
shown in table 8% F&bie 3.3 EPY%ppl i cation Quantity (g/cnR)HFP Cont ent
(v=rt % 15%25%35%61d | t St Patpe B 1@ 833 désclils ap 9duebddsat&Vifiidane fluoride
serena433944435|\/&0§¥edo?j a(rﬁl marbl e ~23 ~21 ~23 ~41 ~5 0043&,% a conparison
three sanpl es ofPOBM fim dorming-wapeRsion farcaating yapgns sHbRten yhich 215804 by wei ght

aqueous di sper siRftais alshipehsion &Ta)(ﬁﬁeﬁqua{ci')ﬂﬁtE YolVineY dmdiaFhar& AR IR lalay i Ng 40%
by wei ght HFP and two_ emul sions of the KYNAR/ FLEX emul sions contained 1:1

and 4:1 by wei gifelvept for the fWgPliB¥Bhat e (TEP) cal cul ated on resin content to.

raid in filmforngpinn. TREpiadddissor: tdredinBingdPEP ORI 813 BafsciRt ekl ned and
the results are shown in Table 3.4. [0049] The protective effciency ofthe

- | ow crystal | i ni rajorgtionqfpurfasesalytony maferialsiless semens conglpmesatesand KYNAR FLEX
(s clearly shownlchs mah#8GHa bicle0ey BRRGRES mifurl EPan IMUR dlpEXichas O
wat er repell ent efe%%ct on the stone % a %ﬁm?ge _rgepg%ﬁ was : bsler ved on
sanpl es treat ed aWPHHAP elesrner mxhe YREVRFBconceansptionranges P plel=eteotv
crystallinity Vi F Y%lp%p 3 " ~§F6 %ﬁ: 1 TEP21
Echmpie 4+ brepar I oA UEREERERID dtonBh bl ere s odiienierty o
procedure for t henpntonat methodoto shcheswsfadesom t he | at exes of VDF- based
polynmers is as f WS, 0052 x is placed._i ropriate closed
nmol d of the deség{’fé‘id slﬁ'épg‘?er{t ﬁéléfgi%coéﬁapqpngggﬁﬁﬁgg4%@%dggcé & cool ed
bel ow the freezidegsdidating oftind reteatiphafysrijphaskstaik, hidle] andstone]tidckkr 0zen
latex is then r ecrggc\:/rgtg aI)cE gr@cltep %a:%ilc?\irec'i %h%refrom by applying solvent solution of an

mixture of a then known nonelastomeric polyvinylidene fluoride homo- or

copolymer or a polyalkyl methacrylate and an elastomeric copolymer of VDF and

HFP in the VDF/HFP concentration range of U.S. Patent 3,b5 1,677.

[0015] U.S. Patent 4,125,673 teaches rendering the surfaces of inorganic

materials olephobic and hydrophobic by applying to their surfaces a solution or

dispersion of a fluorine containing organic polymer or a solution of a water



tenperature is allowed to rise above the nelting point of the aqueous phase
and ‘'t he thawed aqueous phase allowed to drain fromthe foamwhich is then
dried. [0053] The followi ng formul ati ons were prepared: 4.1 Pure VDF/ HFP
copolynmer having low crystallinity latex (43.7% solids by weight, 37 weight
percent HFP) 4.2 Latex 4.1 (60g) was diluted with 40g water containing 10%
by wei ght acetone to 29. 1% solids by weight 4.3 Latex 4.1 (30g) was dil uted
with 30g of water containing 5% by wei ght acetone to 21.9% solids by

Conveni ent 'y 2or DIy ahE: benPRE SRR AN PuBelIER Then (ne

bottl es are cut @pepsilitdrecohipored) f oam renoved and placed on a drying rack.

After renoval of el f supportin oam., s, recovered. [0055] The
foams are subj eclf’@;ﬁt o 07RO s B e f@e_e@t@rcm,sps’aw_smndqensi ty:
[0056] The vol uniotestiveR@eitivefless Bfltht Behafeld P oNGHIREEMEREAS irl ah daBedifie
standard wei ght/vol une neasurenents. The neasurenent gives an apparent 16
density because @RPOFRPHaY Worgaric sligwy eciaidehulistead a fepwalestomgebasedindar d
procedure i s ASTM VBE2dd AP §iPihe VDIHAP Sor BRAISS SnBP of O3 PRGn: IRl
Conpression testing is run according to the above general procedure using
an | NSTRON wi t h dpdgepllysesigining @her cpmpramerover 3 runs using 1.5 inch tall
cylinders stress and strain at g4 i red. [0058] Conpression
Set is determ ned according to A%%%gg 9@%@ or 70 hours rather than
22 [0059] The afdpéx@nt Wehséspea o tie fiest,foane dspeatrof flomimvéntiom therenul ati ons 4. 1,

4.2 and 4.3 are:_4..1 = 0.61 g/ .2 = 0.42 g/ 4. 3=:0..33. g/ m_[.0060]
This is in cont raevdss whete B B drsh M ety Srlut PRI s e Pesout
1.8g/m . [0061] thhtaxatuspensitn of agpblyaer hemtagosoud metliaevhersaie telhhdar

magni f'i cation reveal s..that in unlike the uniformcurved surface .of the
cell's of bl own fAE WiIHEAYE &7 Prenellesimenies Hhe @eceyS9mErivaR G0 PraPAVEE Angul ar
surfaces which, luex bodikpdasion gf the polymepinaiiterpaictd thelplymenie@regentai & t he m nor
Fornati on. | Rel nfEHEBH PSHEN PIESREDF SO AGPERETaAS D) Quleeal
procedure formultpé mgEheRNedhe GRkfing SoihtdT Melsaldiagiieofts ghadellc)yemBeing ¥
crystallinity VDF/ HFP of 31 wei ght percent HFP are conbined by stirring
with varying amdirtermetsrialfrom thegpoldeagd &) emoving,be wglea §emiBe ffoZeRd t he
m-~:tures are t JEm| § Fa1eTs) hdi AL ss fiber
had an appar ent hgag%rgs?"tiy of it_gédévargg?g]econﬁ?ggglf&?;?fn@gg?ﬁ%é%?e a%g,gltoﬁo' 15
WPGB egg fogm corrxamplenky m?mblﬁﬂm@%mE@P%Qn%gb@inggefdhmuwmhm orden?i ty
of 0. and a ¢ o . set is
al so reduced by heg%r?éetgbgr?ce %ﬂgﬁjgbgﬂgdsgﬁ%%ﬂgl ﬁhngf%%rate aﬁi@é’?@al s and
foans e7: hi bit thawe taateseability helpwitkedfreszing prinpefthé ageors phasesand shiowldr r osi on
resi stance, enh j . I snoke

i sai ons. 17 Tgesees & el gk o Rty ShAR R P oMl Bl ° T0CE

cel | ed pol yner fsgactusehit ghusdemparaters. Jhecoahgycabilita taxbeampearyeé by sdding pensi on

of a polynmer havij coal escabi,l iy, bel t freezing.poi of .t he aqueous
phace’of " sai d | splecie ebReRalnt o e B e SR Fr R BB R a b

| at ex or suspengihase can stemi fromel ciyltelliaity) ghassiness, tdhesstinkérgz brisy quidingt of t he
aqueous phase of said | atex or suspension, repoving.the frozen terial
from the mold arEAEFRMIGUEHES TRR BT B TP THEFSFT dr SRRICBOF m
recovery of sai dotQads varietyof pbiythetsaath &/ seiestaliie pHIOmBrs@aRSIsWg sikii m 1.
3. A process for the formation of an open celled pol yner foam which
conprises pl aci rf§ e&Yleasxipy etafaa@migﬂ%rgspﬁe'ﬁglpmreag agd ggpvﬁalwﬁawﬂg a Tg

and a m ni mum f ijbwckRfaNBty @BnteR DY AMDRHPe] OYFE-FEF P TERPMWNE, PODRITFEE t he
aqueous phase of said |l atex or suspension in a closed nold, chilling said

mol d and the | at’&® & mixayesiared vereaPaitle ehey ePhmses dered i &3S ng poi nt
of the aqueous PRRS&riRforeethfehRTEE e@ﬁalﬁﬂﬁﬁ@r@@th?@me, hRPMIVERqule frozen
material fromthe nold and Tenoving the water Tromthe frozen material to
permit recovery prsfiluosamethyd ainy! etherTiHeprefsmed plrscipelamers fortbe fagtess of claim
3. 5. A process s b {0, : | vi nyl i dene
fluoride based p%%‘%&ﬁ%@?%%P%Tvgg%tsap%n?iaﬂ?%;ig\%zc? gﬁﬁxgrg‘gg{@{@ of appl yi ng
an aqueous suspdnsnation tamperatirs (MAE BF lessahah thofreenmg pomt obithd agudovs phase,
evaporating the water and any other volatile nmaterials in said agueous
suspensi on or 5



enul sion, and then, optionally heating the substrate on which said adherent
coating has been applied. 6. A coated substrate prepared by the process of
claim5. 7. The process of Claimb5 wherein the substrate is selected from
nmetal, glass, stone, brick, tile, cenentitious materials and nortar. 18

S. A process for the adherent coating of a substrate selected from natural
and synthetic fibers, cloth, paper, |eather, and woven and non-woven
fabrics with a vinylidene fluoride, hexafl uoropropyl ene copol ymer which

consists of appl g0 AGUGAHS SHARRIRIGDRE P BhRRc BEARNTE AgbVen

solution, or org solv suspension of “sal

hexaf | uor opr opylcfiee foarpdeysitgito the desitgl of the ptireabkd pliade shoalidredéssmigant he wat er
and any other volatile_ nmateri aL_!s in said aqueous suspension or emul sion or
t he sol vent frorﬂbg'étiod&goépwétrﬂpp 88 on or suspension and then, optionally

heating the subspimE)e Orheyd¥re Narfoak dspaeth &y BOteco B LbARg RASoMRRA: FRmMb i ed. 9. A
process for the application of a self adherent polyvinylidene fluoride

based pol ymer fiinYangiemt Thig Breds mapded @i epwptse forsemsheisaiccopting efipl ying a
latex of a polyw,Bulatdemea {'ihym%gﬁu@?tﬁ%qse@?gwﬂ% hé\ﬁr‘/é 1’4 érﬁYﬁlﬁrﬂmﬁe}@ﬂo t the

crystallinity on said substrate; (b) evaporating the agueous phas;
| at ex to creat e cohwsts pfapplyiecen(agyedys suspensiontoe empision of eaid polywear tegaidubst r at e

prepared by the SS, Y A Mherein the
substrate is selsgféét?lg1 ’ raggvﬁa%%@{gwéefﬁd;n???ngﬁ&@ﬁ@??ncagnaﬁﬁf‘g@ g%msnti tious
mat eri al s and nouspnsiod @ emulgion end thef, optiotadly dpptingthe substrasé omwhighfsaiddher ent

pol yvi nyl i dene fl.uori I ry fi ati.n n [ sel ected
fromnatural an d@%g@gﬁ@%@? Béeégsa gﬁ‘cﬁeldb{hh ,Lmﬁtgl%%%‘?mg %ea?%e?rﬁ?olﬁgﬁﬁjm%gen and
non-woven fabri g8ass,whinelbrizkotie xementitjpus seerigla)or amplay on(§) sathratand or sol vent

solution of a polyyinylLidene . fluoride based pol yner on said subhstrate; and
(b) "evapor at | ng YHEER Hetn OB RYEh (Rt ar PRy By PorENad RUBFR LB% ¢ he
solution. 13. Apiiesdbaihkadicdnt teatifpdfa QibstrdiesceicRddion fdture] aidiydtheticl4. A

wat er repellent fabric nade t he process of d ai 2. 1 .15, A process
for the appli catffb ¢pthaPapep dathghgn %’PYena?ﬂﬂéP‘&Wf’"ﬁg%a%V‘fsﬁ’i}% HeRY9eP0r i de

based pol ymer fifuatia®aekdiBioRPropyRHOSIpoRIfr WhicS RokiiddéflapSiSingah agitRLyi Ng on
said substrate a latex of a_polyvin~~lidene fluoride based polyner which
contains tri et hyE§R§BEpMeR EUI{ieN OrzRis 6P NENt AUt OLYFERRE LOIYIRLASPESIOfhe | at ex

to create the fidrgiqangidénk M6Add, H&aﬁb&oﬁﬂohﬁbne@po]%@%ts% sibiaateaglie
prepared by the procesS of claim15. 17. The proceSs of Caim 15 wherein
the substrate i svapsrdtingder waterandenwptheniplagilenateriglpin said agpeounsyspenson. Al (. A

A3 2.A AR A efulsfonfdr te sbitedt fom &id soPenf AR Yr suspension and then,
optionally heating the substrate on which said adherent coating has been applied;
(c) a process for the application of a self adherent polyvinylidene fluoride based
polymer film coating on a substrate which comprises applying a Jatex of a
polyvinylidene fluoride, hexafluoropropylene copolymer having low internal
crystallinity on said substrate, evaporating the aqueous phase of the latex to
create the film and heating of the film, the substrate being selected from (i) metal,
glass, stone, brick, tile, cementitious materials, or mortar or (ii) natural and
synthetic fibers, cloth, paper, leather, or woven and non-woven fabrics; (d) a
process for the application of a self adherent polyvinylidene fluoride based
polymer film coating on a substrate selected from natural and synthetic fibers,
cloth, paper, leather, and woven and non-woven fabrics, which process comprises
applying a latex or solvent solution of a polyvinylidene fluoride,
hexafluoropropylene copolymer on said substrate and evaporating the aqueous

phase of the latex or the solvent of the solution; and (e) a process for the
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[0020]  The coated porous surfaces provided by the second process aspect of

the invention are moisture and oil resistant, as well as breathable, vapor

transmittent, water repellent and fire retardant, while retaining the original feel

and look of the surface on which the coating was applied. Particular mention is

made that the surfaces to be coated may be natural and/or artificial materials

either in fiber form or on the surface of larger flat or three dimensional objects

which may be natural stone such as marble, limestone, granite, man made

building material such as bricks, mortar, cementitious materials such as hardened

Portland cement and concrete, as well as paper, cardboard and such woven and

non-woven fibers as glass ﬂbers,.carbon fibers and fibers from natural and

synthetic polymers such as cotton, wool, linen, cellulose, rayon, nylons, aramids,

polyolefins and the like.

DETAILED DESCRIPTION

[0021]  As described above, various polymers and copolymers may be used in

the inventive process. One of skill in the art will recognize that small quantities

of a third monomer known to be copolymerizable with VDF (up to about 10% by

weight of the HFP level) may also be included to provide useful terpolymers.

Such known copolymerizable monomers may, for example, be selected from

among C(2-8) alkenes containing at least one fluorine atom besides HFP, an alkyl

vinyl ether containing at least one fluorine atom, an aliphatic or cyclic C(3-6)

ketone containing fluorinated a-o’ positions and non-fluorinated C(2-4)

unsaturated hydrocarbons, C(3-6) alkyl vinyl ethers or C(4-6) vinyl esters.

[0022]  To practice the first process aspect of the invention with the preferred

fluoropolymers, a latex of the VDF-based polymers may be placed into a closed
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mold having a internal shape which is a mirror image of the desired outer shape
of the final foam and the mold and contents chilled by any convenient means to a
temperature below the freezing point of the aqueous phase.
[0023]  Low crystallinity VDF-based polymers can be made by
copolymerization of VDF/HFP and by substitution of one or more of
tetrafluoroethylene (TFE), chlorotrifluoroethylene (CTFE), perfluoromethy! vinyl
ether (PMVE), perfluoroalkyl vinyl ether (PAVE), viny! fluoride (VF) and/or
trifluoroethylene (TFE) for some or all of the hexafluoropropylene. Also
contemplated as equivalents by the invention in use of the first process aspect of
the invention to form shaped foams are any other low crystallinity or amorphous
polymer in aqueous dispersion having coalescability below the freezing point of
the dispersion. '
[0024] For the coating processes contemplated by the invention, the latex of
the VDF/HFP copolymers having low crystallinity or their equivalent TFE and/or
CTFE containing analogs described above may be used as obtained from the
reaction mixture or preferably diluted for coating fibers, woven and non-woven
fabrics and for impregnating the various natural and artificial fabrics and papers
contemplated by the invention or the polymer may be isolated from the latex and
suspended in aqueous or nonaqueous solvents, or dissolved in suitable solvents
and applied to the substrate to be treated. Suitable concentration ranges for a
particular treatment on a particular substrate may readily be determined by one of
skill in the art with a few well-chosen pilot treatments to optimize the coating
desired.
[0025]  For treatment on solid glass and metal objects, it has been found that
use of the latex as obtained from the synthesis preferably with the addition of the
aid of a film forming solvent and evaporation of the volatile material at elevated
temperature preferably at about 110°C or higher provides excellent, contiguous,
adherent coatings.
[0026)  For foam formation it has been found helpful for the VDF-based
polymers where a small degree of internal crystallinity exists to add a small
amount of swelling solvent such as ethy] acetate or acetone to the latex prior to

placing it in the mold and freezing it.
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[0027]  The following examples further illustrate the best mode contemplated
by the inventors for the practice of their invention and should be considered as

illustrative and not in limitation thereof.

Example 1 — Preparation of Clear Air Dried Adherent Films on Glass

[0028]  Vinylidene fluoride, hexafluoropropylene copolymer latexes with
varying HFP levels were diluted with a convenient solvent (triethylphosphate)
(TEP) and deionized (DI) water to the desired final polvmer concentration. A
typical amount of TEP required to obtain clear films is shown in Table I for the
different HFP levels in the copolymers. Optionally, a conventional wetting agent
such as BYK-346 and/or thickener, such as T-615 may be added to the latex. For
comparison purposes a sample of a commercially available VDF/HFP copolymer
in aqueous emulsion was also compared. The copolymer was KYNAR®2750
available from ATOFINA Chemicals, Inc.

Table 1
Sample No. | HFP (wt %) Emulsion Solids g. solvent per g.
concentration (wt %) |  solid to obtain
. clear film

1 464 . 38.55 0.78
2 36.8 : 39.85 1.0
3 26.9 39.91 0.18
4 16.5 40.03 0.17
5 16.1 36.55 0.19

6 (KYNAR 14.0 28.60 —

2750)

[0029] The above emulsions are then coated on degreased glass or aluminum
panels using a conventional draw-down bar and allowed to dry in air at room
temperature. To insure complete removal of solvent, the coated substrates may
be heated at 110°C for a minimum of one hour to obtain clear film. Baking of the
substrate thereafter at 250°C for about 20 minutes results in improved adhesion.
An air dried clear film with good adhesion was obtained by drawing this

dispersion on a glass substrate. However, when the glass coated with the film
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was placed in room temperature water, the film peeled off easily. Placing the
specimens of air dried films on the substrates in a convention oven at 200 to
250°C for about 30 minutes improved adhesion. The coating remained
unchanged in appearance without any discoloration or physical damage and when
the substrate and coating were placed in cold water, boiling water, or in 1 molar

HCI for one hour, no reduction in adhesion was observed.

Example 2 ~ Treatment of Woven and Non Woven Fabrics

[0030]  Emulsions of VDF/HFP copolymers having HFP content ranging from
25 to 66 weight percent having about 40% b=y weight solids content were diluted
to the concentrations shown in Tables II A, B, and C using DI water. Solutions in
acetone or ethyl acetate were prepared by dissolution of isolated resin in the
solvent. Substrates (paper, cloth and leather) were coated by these solutions or
emulsions using a disposable pipette. In order to ensure that the coatings were
free of solvent, the treated substrates were placed in a conventional oven at 85°C
for at least 10 minutes prior to making the surface energy measurements.

[0031] Surface energy measurements were conducted by using a G10 KRUSS
angle contact angle measuring instrument where the surface energies were
calculated using the KRUSS software using the Owens-Wendt model. The four
solvents used to determine the surface energy of the coated substrates were water,
ethylene glycol, tetradecane and formamide. At least four drops of each solvent
were place on the dried, treated surface by a micro-syringe and the average of the
observed contact angles was used by the computer to back calculate the surface
energy of the treated substrate,

[0032] The results are tabulated in Tables IT A, 11 B and II C, where the low
surface energies observed illustrate the ability of the surfaces to repel water, oils,

dirt and the like.

10
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Table II A ~ Surface Energy of Paper Coated by VDF/HFP Copolymers

[0033]

used as received.

The paper was a filter paper (Whatman ® #1, Whatman Int’] Ltd.)

Medium | Concentration of polymer Surface Energy (mJ/m*)
solid (wt %) Copolymer HFP content (wt %)

272 344 472 66
Acetone 5 13.35

10 13.08 8.72
16.5 15.33
20 15.66
Ethyl 7.5 12.36 1042 8.33
Acetate 10 14.53 11.02 10.71
15 16.38 12.46 11.93
Emulsion 10 8.74
15 9.91
25 10.44

Table II B — Surface Energy of Cotton Cloth Treated with VDF/HFP Copolymers

[0034]  Fabric: Bleached cotton cheesecloth, quality #90, used as received.
Medium Concentration of Surface Energy (mJ/m~)
copolymer Copolymer HFP Content (wt %)
(wt %) 272 344 472 66
Acetate 10 16.72 7.43
Ethyl 10 18.65 15.74
Acetate
Emulsion 10 15.91

Table II C — Surface Energy of Leather Treated with VDF/HFP Copolymers

[0035] Leather was chamois cleaned with boiling acetone. -
Medium Concentration of Surface Energy (mJ/m")
copolymer (wt %) Copolymer HFP content (wt %)
272 344 472 |66
Acetone 10 — — — | —
Ethyl 10 6.13 I
Acetate (approx. estimate) |
Emulsion 10 1591 |
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Example 3 - Setting rates of emulsions of the VDF/HFP copolymers having low
crystallinity, VDF/HFP copolymers of high HFP content made according to the
prior art known synthetic techniques, an emulsion of a commercially available,
thermoplastic VDF/HFP copolymer and application of these emulsions on several
stone types.
[0036]) It is particularly required for use in preserving antique stone
structures, monuments and the like that the consolidating/protecting material
must:

1. Restore cohesion between the particles of the outermost layer

of the decayed or decayiilg material and the underlying

integral portion;

2. Provide for adequate strength of the so consolidated outermost
layer;
3. Retain, in the consolidated outermost layer, characteristics of

elasticity to present the formation, as occurs with many
presently used products, of a stiff surface layer having
mechanical characteristics different from those of the
substrate;

4, Be chemically inert toward the material to be
preserved/consolidated;

5. Have low volatility;

6. Show stability to the action of the atmosphere and corrosive
materials carried therein, resist sunlight and heat, thlereby

providing long term weather ability;

7. Not alter the material’s visual color or appearance;
8. Be efficiently removable if applied in excess;
9. Be easy to apply and environmentally benign;

10.  Retain for a long period its own solubility to provide for
treatment reversibility; and

11.  Be able to be used according to the principle of minimal
intervention, in order to preserve this historic and artistic value

of the artifacts treated.
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"10% & K g"10% fH "10% & ()-K K6- " 10% & ()-K

d 6& ()-Kq [% 67% ( )Ré?ere e[s [Oll:’l [rrEaLerlaIs thl(ﬂ’l have%een used to consolidate a?xd 0

protect stony materials are contained in the book by Amoroso and Fassina,

“Stony Decay and Conservation”, Elsevier El, Amsterdam (1983).

[0038] A material satisfying the above criteria will, obviously, also be

suitable for use in preserving other stone and masonry structures in addition to

antiquities monuments and the like constructed from various stone materials such

as sandstone, granite, slate, marble, ceramic and other types of tile, cement,

mortar, cement conglomerates and the like.

VDF/HFP Copolymers used for the treatments illustrated in this Example

[0039]  Copolymers made according to the synthesis procedure for low
crystallinity copolymer described hereinabove were prepared using an initial HFP
content in the synthesis of 66.7 weight percent and a steady state HFP feed ratio
of 35.8 weight percent (Sample 3.1), an initial HFP ratio of 66.8 weight percent
and a steady state HFP feed ratio of 45.5 weight percent (Sample 3.2) and an
initial HFP ratio of 75.1 weight percent and a steady state feed HFP ratio of 45.9
weight percent (Sample 3.3).

[0040] VDF/HFP copolymers were prepared according to the method of U.S.
3,051,677 using an initial HFP re;tio of 56.6 weight percent and a steady state
HFP feed ratio of 38.3 weight pércent (Comparative Sample 3.1), an initial HFP
ratio of 50.0 weight percent and a steady state HFP feed ratio of 36.3 weight
percent (Comparative Sample 3.2) and an initial HFP ratio of 50.0 weight percent
and a steady state HFP feed ratio of 45.0 weight percent (Comparative Sample
3.3).

[0041)] VDF/HFP copolymers were prepared according to the method of U.S.
Patent 3,178,399 using an initial HFP ratio of 39.4 weight pércent and a steady
state HFP feed ratio of 38.1 weight percent (Comparative Sample 3.4) and using
an initial HFP ratio of 49.8 weight percent and a steady state HFP feed ratio of
45.8 weight percent (Comparative Sample 3.5).

[0042)  For comparison of setting time of emulsions of the various copolymers
an emulsion of commercially available thermoplastic VDF/HFP copolymer
(KYNAR FLEX®2750) was employed.
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Emulsion Stability of Copolymer Emulsions

[0043] The setting time (shelf life) of a material to be used in field use in

treating stone and other materials is important.

Emulsion Samples Time Before Settling Observed

3.1,3.2,3.3 greater than | year
comparative samples 3.1, 3.2, 3.3 | 2 months
KYNAR FLEX 15 days

[0044] Spray application of Low crystallinity VDF/HFP copolymers
emulsions of the type of similar to Samples 3.1, 3.2 and 3.3 on stone.

[0045]  Three samples of two different lithotypes were treated by spraying a
2.5% aqueous dispersion of the VDF/HFP copolymer having 40 weight percent
of HFP. The lithotypes tested were a very porous Italian limestone (Pietra di
Lecce, tota] porosity: 32+2%, saturation index: 65+5%) and Carrara marble (total
porosity: 3.8+0.2%, saturation index: 7.4+0.6%).  The reduction of water
absorption was determined over a time of 20 minutes according to NORMAL
11/85(EP%).

[0046]  The change in color of the treated material was measured according to
CIEBLAB 1976, observing angle 10°, source D65 and expressed in AE units.
Also measured according NORMAL 11/85 was the slope of the curve obtained
by drawing a graph of water quantity absorbed per square dm vs. the square root
of time (Absorption Coefficient, AC g cm™ %) that is related to the protection
obtained. The reduction in water vapor transmission (Rp%) was measured

according to NORMAL 21/85 at 30£0.5°C and 30+1% relative.
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Humidity
Lithotype Ep% AC (x105) AE Rp% | Quantity
Applied
(g/em?)
Treated Raw Stone
Carrara Marble | 609 | 8.3%0.1 11.540.1 0.15£0.55 | N.D. | 8.3#0.5
Pietradi Lecce |92+3 | 121+2 1320+10 1.8£0.2 85 12.4+£0.3

Brush Application of emulsions VDF/HFP éopo]ymers of low crystallinity on
stone

[0047]
copolymers of low crystallinity prepared as described hereinabove. The HFP

Surfaces of three different lithotypes were treated with VDF/HFP

content ranged from 25 to 40% by weight HFP. The lithotypes tested and the

results are shown in table 3.3.

Table 3.3
EP% Application
Quantity
(g/em?)
HFP Content (wt %) | 15% [ 25% |35% |40%
Lithotype
Pietra di Leece 9 16 64 58 15
Pietra serena 43 39 44 43 5
Macedonian marble 23 21 23 41 5

[0048]
brushing a 2.5% by weight aqueous dispersion of the low crystallinity VDF/HFP
copolymer having 40% by weight HFP and two emulsions of the KYNAR/FLEX
emulsions contained 1:1 and 4:1 by weight of triethylphosphate (TEP) calculated

As a comparison three samples of Pietra di Lecce were treated by

on resin content to aid in film formation. The reduction in water absorption was
determined and the results are shown in Table 3.4.

[0049]
in contrast to that of the KYNAR FLEX is clearly shown.

The protective efficiency of the low crystallinity VDF/HFP copolymer
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[0050]  In the absence of TEP, KYNAR FLEX has no water repellent effect
on the stone and a white deposit was observed on samples treated with KYNAR
FLEX.

Table 3.4

Copolymer Type Ep%

Low crystallinity VDF/HFP 60
KYNARFLEX 2750 1:1 TEP |18
KYNAR FLEX 2750 4:1 TEP |21

Example 4 - Preparation of Open Celled Polymer Foams
[0051]) A general procedure for the production of foams from the latexes of
VDF-based polymers is as follows:
[0052] A latex is placed in an appropriate closed mold of the described shape,
the mold and its latex contents are cooled below the freezing point of the aqueous
phase of the latex. The frozen latex is then removed from the mold, its
temperature is allowed to rise above the melting point of the aqueous phase and
the thawed aqueous phase allowed to drain from the foam which is then dried.
[0053]  The following formulations were prepared:
4.1 Pure VDF/HFP copolymer having low crystallinity latex (43.7%
solids by weight, 37 weight percent HFP)
4.2 Latex 4.1 (60g) was diluted with 40g water containing 10% by
weight acetone to 29.1% solids by weight
4.3 Latex 4.1 (30g) was diluted with 30g of water containing 5% by
weight acetone to 21.9% solids by weight.
[0054]  The three formulations were placed in closed molds, conveniently 20z
polyethylene bottles, chilled until frozen, then the bottles are cut open, the frozen
foam removed and placed on a drying rack. After removal of the water, a self
supporting foam is recovered.

[0055]  The foams are subjected to the following physical tests.

Apparent density:
[0056]  The volume is measured and the sample weighed. Density is the

standard weight/volume measurements. The measurement gives an apparent
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density because any skin is not removed during measurement. The standard
procedure is ASTM D1621-94 for this and compression testing.
[0057]  Compression testing is run according to the above general procedure
using an INSTRON with head speed at 0.5 in/min over 3 runs using 1.5 inch tall
cylinders stress and strain at given times are measured.
[0058]  Compression Set is determined according to ASTM D3573-93 but for
70 hours rather than 22
[0059]  The apparent densities determined for foam from formulations 4.1, 4.2
and 4.3 are:

4.1=0.61 g/ml

4.2=0.42 g/ml

4.3=0.33 g/ml
[0060]  This is in contrast to the solid polymer which has a density of about
1.8g/ml.
[0061)  Examination of a cross section of the foam under magnification
reveals that in unlike the uniform curved surface of the cells of blown foam, the
cells of foam formed in this manner have angular surfaces which, without being
bound to any particular theory, are the mirror images of the ice crystals of the

frozen aqueous phase formed duﬁng foam formation.

Reinforced foams

[0062] Following the same above general procedure formulations analogous
to formulation 4.2 but using low crystallinity VDF/HFP of 31 weight percent
HFP are combined by stirring with varying amounts (0 to 4g) of degreased fiber
glass wool and the mixtures are then formed into foam.

[0063] Foam containing no glass fiber had an apparent density of 0.5 and a
compression modulus of about 0.15 whereas foam containing 4.6% by weight
glass fiber had an apparent density of 0.30 and a compression modulus of about
0.53.

[0064] Compression set is also reduced by the presence of the glass fibers.
The coated materials and foams exhibit the inherent applied use properties of
enhanced corrosion resistance, enhanced flame and heat resistance as well as

lower smoke emissions.
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ttt!t$tsS3.5 A "10% & ().- i A A process for the formation of an open celled polymer foam
) which comprises placing a latex or aqueous suspension of a
polymer having coalescability below the freezing point of the
aqueous phase of said latex or suspension in a mold, chilling
said mold and the latex or suspension contained therein below
the freezing point of the aqueous phase of said latex or
suspension, removing the frozen material from the mold and
removing the water from the frozen material to permit
recovery of said foam.
2. The foam produced by the process of claim 1.
A process for the formation of an open celled polymer foam
which comprises placing a latex or aqueous suspension of a
polymer having a Tg and a minimum film formation
temperature below the freezing point of the aqueous phase of
said latex or suspension in a closed mold, chilling said mold
and the latex or suspension contained therein below the
freezing point of the aqueous phase of said latex or suspension,
removing the frozen material from the mold and removing the
water from the frozen material to permit recovery of said
foam.
4, The foam produced by the process of claim 3.
A process for the adherent coating of a substrate with a
vinylidene fluoride based polymer having low crystallinity
which consists of applying an aqueous suspension or emulsion
of said polymer to said substrate, evaporating the water and
any other volatile materials in said aqueous suspension or
emulsion, and then, optionally heating the substrate on which
said adherent coating ﬁas been applied.
6. A coated substrate prepared by the process of claim 5.
7. The process of Claim 5 wherein the substrate is selected from
metal, glass, stone, brick, tile, cementitious materials and

mortar.
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aqueous suspension or emulsion, organic solvent solution, or
organic solvent suspension of said vinylidene fluoride,
hexafluoropropylene copolymer to said substrate and
evaporating the water and any other volatile materials in said
aqueous suspension or emulsion or the solvent from said
solvent solution or suspension and then, optionally heating the
substrate on which said adherent coating has been applied.
9. A process for the application of a self adherent polyvinylidene
fluoride based polymer film coating on a substrate which
comprises (a) applying a latex of a polyvinylidene fluoride
based polymer having low internal crystallinity on said
substrate; (b) evaporating the aqueous phase of the latex to
create the film; and (c) heating the film.
10. A coated substrate prepared by the process of claim 9.
11.  The process of Claim 9 wherein the substrate is selected from
metal, glass, stone, brick, tile, cementitious materials and
mortar.
12. A process for the application of a self adherent polyvinylidene
fluoride based polymer film coating on a substrate selected
from natural and synthetic fibers, cloth, paper, leather, and
woven and non-woven fabrics, which process comprises (a)
applying a latex or solvent solution of a polyvinylidene
fluoride based polymer on said substrate; and (b) evaporating
the aqueous phase of the latex or the solvent of the solution.
13. A breathable fabric made by the process of Claim 12.
14. A water repellent fabric made by the process of Claim 12.

19



-109%8& () - -109%8& () - -10%t& ()- apOC H[:NA4 10 & 10% #& ()-

& 10%#& ()- & 109%& ()-  109& ()-  109%& ()- | S109& () - HGIKLMYvU4

SMLOY&' ()-  109& ()- 109%& ()-10940%0% <109%& ()- & 10% & ()- MJ [9vW4

I 10%008& ()- z° 109& ()- 10%& ()- SS10%& ()-z SY310%& ()- S3

109& ()-@|[:vUs | [ 610%& ()-y 1109%& ()- 110%& ()- SL-10%&' ()-

SL-109&' ()- z[ 109& ()- !"#fvU4 yl 10%8S& ()- , Z10%BS& () -

1096S& () -101010 &<109%&' ()- @109%& ()-A|[:vW Id(10%& ()- 9" 10%8S& () -

, YT 1098SE () - $10%BS& ()- " 10USSE 1098S&' ()- 6u [ SS &<1098S& () -

L3@0%SS& () -z L3@0°/<SF2§& (O)A Er%eﬁé‘%}é@m ication % %1? adherent

9- 10%5S& () - 1UbA410SS 10%0’1\&1r(yllderlejfﬁnf9xdégbeﬂsédpoY e@ﬁl&l cfo)mng@lalo% & ()-

10% , & () - 10SS10SSUbA410SS , T0%, & () - & ()- Yi0%, & @

10%, & ()- 10%, & &<10%, &S@}vstramowm commé%sdah@p gon sarde%aastr?ge 23] c"

" Headi ng 33]c" Head| ng 43] G 3 nieading 73] c”

"Headi ng 83] ¢c" "Headi ng 93] c?'“/i* W@éﬁﬁlﬁ%ﬁ%ﬂoﬁgﬁ%&@p& hifer which

Font x: " n+5>aG\{ UY@ hUns, zL" .a48tajns pigthylptiosphat&f) » DigoBikin KN IgNGRS KBSy YYY

Z3ZFZZO[ K[ [ [ W\ N\ 32 vaekl Jrgk 3 Hdef ghi j kl mmo

pqr stuvwxyz{| }~6Ti mes New Romnzgggfo%o%dé?%g%ﬁéﬁkﬁk%@%b%9 r dDocunent xo
"HPUR' () *+,-./012345678BD: ; A coated substrate prepared by the process of claim 15.

<= @OCOEFGH IKLINCPORSTIVA R b ) RO Wb A

metal and glass.

20



